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EFFECT OF ENGINE SHROUD CONFIGURATION ON THE STATIC AERODYNAMIC 
CHARACTERISTICS OF A 0.00563 SCALE 142-INCH DIAMETER 
SOLID ROCKET BOOSTER 
(SA10F) 

By J. D. Johnson* and W. F. Braddock** 

ABSTRACT 

A test of a 0.563 percent scale Space Shuttle Solid Rocket Booster 
(SRB) model, MSFC Model 449, was conducted at the Marshall Space Flight 
Center 14 x 14 inch Trisonic Wind Tunnel. This test, TWT-578 (NASA 
Series No. SA10F) occupied the tunnel for 128 hours during September and 
October 1973. There were 273 runs (pitch polars) made. Test Mach 
numbers were 0.4, 0.6, 0.9, 1.2, 1.96, 3.48, 4.0, 4.45, and 4.96; test 
angles-of-attack ranged from -10 degrees to 190 degrees; test Reynolds 
numbers ranged from 3.0 million per foot to 8.6 million per foot; and test 
roll angles were 0, 11.25, 22.5, 45, and 90 degrees. In addition to the 
static stability evaluation of the primary SRB configuration, five 
parametric investigations were made: 
o Effect of Reynolds number, 
o Effect of engine shroud flare angle, 
o Effect of engine shroud length, 
o Effect of engine shroud strokes. 

o Effect of engine shroud strakes and trust vector control bottles. 
* NASA/MSFC 
** NSI 
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NOMENCLATURE 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

UNITS 

A bi 


base area of nozzle 


Ab 2 


exposed base area of shroud, i.e., base 
area of shroud less base area of nozzle 


^ref 

BREF 

reference span (diameter of the 
cylindrical section of the model) 

in. 

^body 


length of the body 

in. 

A ref 

LREF 

reference length (diameter of the 
cylindrical section of the model) 

in. 

M 


Mach number 


p bi 


base pressures 

psi 

p t 


free stream total pressure 

psi 

P . 


free stream static pressure 

psi 

<1. 


free stream dynamic pressure 

psi 

r n 


Reynolds number based on & re f 


R N /ft 

RN 

Reynolds number per unit length 


®ref 

SREF 

reference area (cross sectional area of 
the cylindrical section of the model) 

in.2 

T t 


tunnel total temperature 

°F 

X.Y.Z 


body axes system coordinates (for an 
airplane, the X, Z-plane is the plane 
of symmetry, the origin of the axes 
system is the center of gravity or any 
other convenient point, and the X axis 
is the airplane longitudinal axis) 


x c.g. 


distance of center of gravity from nose 
of SRB (56.69* of * body > 

in. 
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NOMENCLATURE (CONTINUED) 


PLOT 


SYMBOL 

SYMBOL 

DEFINITION 

in . rs 

W 2 * 


missile axes (see text) 


XMRP, 

YMRP, 

ZMRP 

XMRP, 

YMRP, 

ZMRP 

Abbreviations for the location Of 
the moment reference point In the 
missile axis system 

in. 

“T 

ALPHA 

angle-of-attack, angle between the 
X ra -axis and a vector in the direction 
of the air flow 

degrees 

♦ 

PHI 

roll angle, i.e., angle between the 
missile Y m -axis and the body Y-axis 
(from a pilot's viewpoint in an Air- 
plane, a positive roll angle is a 
clockwise rotation). The parameter 
name describes the particular prd- 
tubetance angular location in the 
degrees (see figures 5 and 6) 

degrees 

C A 


totai axial force coefficient in the body 
axis system 


C A b 


base axial force coefficient (sabe in 
both missile and body axis systebs) 


C Am 

CA 

total axial force coefflcieht in the 
misAile axis system, FAq,/*!* &ref 


C < 


rolling moment coefficient in the body 
axis system 


c i 

K m 

CBL 

rolling moment coefficient in the missile 
axis system, Mj^/q^ S r#£ * r#f 


c m 


pitching moment coefficient in the body 
axis system 


Sn 

CLMM 

pitching moment coefficient In the missile 
axis system, My^/q^ S ref * r#f 


C N 


normal force coefficient in the body axis 
system 
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NOMENCLATURE (CONTINUED) 


SYMBOL 

PLOT 

SYMBOL 


CNM 

c n 


Cn m 

CYNM 

C Pbi 


Cy 


C Ym 

CYM 

X C p/t 

XCP/L 


F *m 

F A* 

P N» 

M X» 


DEFINITION 


UNITS 


normal force coefficient in the missile 
axis system, Fj^/q^ S re£ 

yawing moment coefficient in the body 
axis system 

yawing moment coefficient in the missile 
axis system, Mg^/q^ S re£ i re f 

pui-P 

base pressure coefficient; px ** 

< 1 . 

side force coefficient in the body axis 
system 

side force coefficient in the missile 
axis system, Fy^/q^ S re f 

center of pressure location in fraction 
of body length from nose; 

*c... ^ 

*body *body 

side force in the missile axis system, 
positive in the positive direction of 

V. lb 

total axial force in the missile axis 
system, positive in the negative 
direction of Xg lb 

normal force in the missile axis system, 
positive in the negative direction of Zg lb 

rolling moment in the missile axis sys- 
tem, i.c., moment about the Xg-axis (a 
positive rolling m o me nt tends to rotate 
the positive Y m -axis toward the positive 
Zg-axis in. -lb 
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NOMENCLATURE (Continued) 


i 


i 


PLOT 

SYMBOL SYMBOL 




DEFINITION UNITS 

pitching moment in the missile axis 
system; i .e . , moment about the Ym~ axis 
(a positive pitching moment tends to 
rotate the positive Zj,- axis toward the 

positive X m - axis) in. -lb. 

yawing moment in the missile axis sys- 
tem; i.e., moment about the Zfl-axis (a 
positive yawing moment tends to rotate 
the positive X^j-axie toward the positive 

Y m - axis) in. -lb. 


, r 




SUBSCRIPTS 


b 

c.g. 

i 


m 

ref 

t 


base 

center of gravity 

identifies the location of the base 
pressure measurements 

missile axis system 

reference conditions 

total conditions 

free stream condition'. 


PARAMETER 

name description 

FWDSTK parameter name describing the forward stroke on the 

body; number in front of decimal is the number of 
strokes . Number after decimal is the length of the 
stroke in calibers. 

AFTSTK parameter name describing the aft strake on the 

body; number in front of decimal is the number of 
strokes. Number after decimal is the length of 
the strake in calibers. 


i 



I 
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I 

i 
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NOMENCLATURE (CONCLUDED) 


PARAMETER 

NAME 

SHDSTK 

ATHRNG 

ATHS 

CONFIG 


DESCRIPTION 


parameter name describing the shroud strakes. 

A number indicates the presence of eight strakes. 
Number 0.000 indicates no strakes. 

• 

parameter name describing the attachment ring. A 
number indicates the presence of the ring. 

parameter name describing attachment hardware. A 
number indicates the presence of attachment 
hardware. 

configuration code (see Table 4). 


Strakes on shroud are used to change longitudinal trim point. 


INTRODUCTION 


The wind tunnel test described herein is a continuation of a series 
of tests conducted to evaluate the static aerodynamic stability of a Space 
Shuttle Solid Rocket Booster (SRB). These tests, described in References 

1, 2, 3, and 4, were designed to simulate free-fall conditions of the SRB's 

* 

after separation from the shuttle launch configuration. 

In addition to an evaluation of the primary SRB configuration (less 
electrical tunnel and forward attachment hardware), five parametric in- 
vestigations were made: 

o Effect of Reynolds number, 
o Effect of engine shroud flare angle, 

o Effect of engine shroud length, 

o Effect of engine shroud strakes. 

o Effect of engine shroud strakes and thrust vector control 

bottles. 

Test Mach numbers were 0.4, 0.6, 0.9, 1.2, 1.96, 3.48, 4.0, 4.45, 
and 4.96; test angles-of-attack ranged from -10 degrees to 190 degrees; 
test Reynolds numbers ranged from 3.0 million per foot to 8.6 million per 
foot; and test roll angles were 0, 11.25, 22.5, 45, and 90 degrees. 
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MODEL AND SUPPORT HARDWARE 
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Model Description 

The model, MSFC model 449, Is a 0.563 percent scale model of a 142- 
inch diameter SRB. Details of this stainless steel model are presented 
in Table 1 and Figures 2, 3, 4, 5, and 6. Figure 2 presents the 
dimensions of the major geometric body segments and the attachment ring. 
The attachment ring was a scaled representation of a structure used to 
attach the SRB to the Space Shuttle External Tank. The attachment ring 
was affixed to the model throughout the wind tunnel test. 

Figure 3 presents the dimensions of five of the six different 
nozzle/shroud sections used during this test. Figure 4 presents the sixth. 
These figures also present the dimensions and location of the throat plug. 
Each nozzle/shroud had a different combination of shroud angle and shroud 
length. They were used to investigate the effects of these differences 
on the static stability characteristics of the SRB. The plug was used to 
close the throat opening during runs where the model was not mounted on 
a tail sting. 

Figure 5 presents the dimensions, location and roll sign convention, 
of eight engine shroud strakes. These strakes are scaled representations 
of small protuberances considered for use on the SRBs. They were used on 
the model only during selected parts f the test. 

Figure 6 presents the dimensions, location and roll sign convention 
of three Thrust Vector Control (TVC) bottles. During the parts of the 
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i 

] 

| 

i 


c 
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test that these bottles were used on the model, the shroud strakes were 
also affixed and the three bottles replaced three of the eight strakes. 

The model parts were given symbols to aid in identification of test 
configurations. These symbols are: 

N nose 

B body with attachment ring 

Engine nozzle with 93 inch, 15°03* shroud 

E 2 Engine nozzle with 93 inch, 18°03’ shroud 

E 3 Engine nozzle with 93 inch, 21°03* shroud 

E 4 Engine nozzle with 113 inch, 15°03' shroud 

Eg Engine nozzle with 133 inch, 15°03' shroud 

Eg Engine nozzle with 177 inch, 18°17' shroud (identified in 

TWT 572 as E 2 ). ATHRNG AFT with Eg indicates that the attach- 
ment ring was 7.868 inches from nose. 

S Shroud strakes (eight equally spaced) 

TVC Thrust vector control bottles 

Figure 7 is a photograph of the model parts, except Eg, that were 
tested. Note that the object under the upper body was placed there to 
keep the body from rolling while the photograph was taken. It is not 
attached to the body. Some significant features of the design and con- 
struction of this model are as follows: 

o The model was made in three major sections: nose, body, and engine, 
o Nose and engine can be switched end for end in order to test at 
angles-of-attack above 90 degrees. 
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o There are two cylindrical bodies. One is a solid cylinder and is 
used for a sting adapter mounted from the end. The other is made 
in two parts with an opening in the side so that it can be fitted 
around a side mount. 

o Both bodies are mounted in the same position relative to the 
balance and maintain that position when the nose and tail are 
switched end for end. 

o The attachment ring, which was affixed to the body throughout 
this test, has mounting locations on both ends of both bodies 
so that it can maintain its position relative to the nose and 
engine . 

o A slotted ring was necessary for certain side mount cases, 

o Roll angles were accomplished by mounting the engine section at 

different angles of rotation. (The only non-axisymmetric pro- 
tuberances used during this test were affixed to this section). 
The sign convention for roll angles is shown in Figures 5 and 6. 
o Each engine section had a sting cavity through the center of its 
nozzle. This 0,025 inch diameter hole was closed with a plug 
whenever the model was not tail mounted, 
o There were two noses. One was complete and the other had a 0.625 
inch diameter hole through its center. This hole was necessary 
for sting passage when the model was nose mounted. 

Figures 8 and 9 are photographs of typical end and side mount tunnel 


installations. 


Support Hardware Description 

Seven pieces of the HSFC double knuckle sting were used during this 

test: 

o Sting adapter no. 1 

o Sting adapter no. 3 

o Sting no. 1 

o Sting no. 3 

o Balance adapter no. 113 

o Balance adapter no. 118 

o Balance adapter extension no. 80M42509 

Table 2 lists all the useful combinations of these support hardware 
pieces and their associated angles-Of-at tack . Those that were used 
during this test are indicated. 

The "sting adapters" (figure 10) adapted the stings to the model 
support system of the test facility. 

Using different mounting hold combinations, the "stings" (Figure 11) 
are adjustable in angle relative to both the sting adapters and the 
balance adapters. 

The "balance adapters" (Figures 12 and 13) connect the balance to 
the sting; No. 113 is a straight adapter and No. 118 (referred to aa 
MSFC "sting" No. 118) has a 90 degree offset. When the straight adapter 
was used (-10 <_ a <_ 50 degrees and 130 <_ a <, 190 degrees), a one inch 
"balance adapter extension" (Figure 14) was used for proper tunnel 
position and adequate base clearance. 
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Typical installations of the support hardware are shown in Figures 
15 and 16. Typical model and support hardware combinations are shown in 
Figures 17 and 18. 
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CONFIGURATIONS INVESTIGATED 


The run schedule, i.e., data set collation sheet, for this test, MbFC 
TOT-578, is shown in Table 3, This table contains the data set collation 
identifiers for the test and identifies the nominal conditions at which 
various configurations were tested. These conditions are angle-of-attack 
(a), roll angle <4>) , and Mach number. Table 4 presents a summary of 
Table 3. Table 4 also lists the collective data set identifiers (several 
anglerof -attack ranges grouped together) and the configuration numbers, 
which were assigned each case and are used in identification of the plots. 

Configuration NBE^ (Configuration #1) was a 0.563 percent scale model 
of a 142-inch diameter SRB configuration minus electrical tunnel and nose 
attachment hardware. Configurations NBE2 (#2) and NBE3 (#3) were designed 
by increasing the shroud flare angle of NBEi by 3 and 6 degrees, respec- 
tively. The shroud length was kept the same as NBE^ (Figure 3). 

Configurations NBE4 (#4) and NBE5 (#5) were designed by increasing 
the shroud length of NBEj by 20 to 40 inches .respectively (full scale). 

For these two configurations, the shroud flare angle was kept the same 
as NBE^ (Figure 3). 

Configurations NBEjS (#6) was made by adding eight strakes equally 
spaced around the engine shroud of NBE]_ (Figure S). 
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Configuration NBE^TVCS (#7) was made from NBEjS by replacing three 
of the strakes with Thrust Vector Control bottles. The bottles are 
positioned 90 degrees apart (Figure 6). 

Two additional configurations (NBEg and NBEgATHRNG AFT) were tested 
to provide data for comparison with data from a previous test (Reference 
4). Data from tests of these two configurations are not plotted; there- 
fore, these configurations are not listed in Table 4. 

With the exception of six runs, the complete test was made with No. 
100 silicon carbide grit randomly applied over the areas shown in 
Figure 19. 

To investigate the effect of Reynolds number on the cross flow 
around the cylindrical SRB body, eight runs were made with configuration 
NBEj at 80 <_ a <_ 100 degrees (Data Set Identifiers R91R11, R91R12, 
R91R21, and R91R22). As can be noted in Table 3, the model was tested 
at all combinations of the following parameters: 

o Maximum and minimum Reynolds number obtainable in the tunnel. 

o Mach numbers of 0.4 and 0.6 

o With and without the No. 100 silicon carbide grit. 


TEST FACILITY DESCRIPTION 


The Marshall Space Flight Center 14” x 14" Trisonic Wind Tunnel is an 
intermittent blowdown tunnel which operates by high pressure air flowing 
from storage to either vacuum or atmospheric conditions. A Mach number 
range from .2 to 5.85 is covered by using two interchangeable test sections. 
The transonic section permits testing at Mach 0.20 through 2.50 and the 
supersonic section permits testing at Mach 2.74 through 5.85. Mach numbers 
between .2 and .9 are obtained by using a controllable diffuser. The range 
from .95 to 1.3 is achieved through the use of plenum suction and perfo- 
rated walls. Mach numbers of 1.44, 1.93, and 2.50 are produced by inter- 
changeable sets of fixed contour nozzle blocks. Above Mach 2.50 a set of 
fixed contour nozzle blocks are tilted and translated automatically to 
produce any desired Mach number in .25 increments. 

Air is supplied to a 6000 cubic foot storage tank at approximately 
-40°F dew point and 500 psi. The compressor is a three-stage redproceting 
unit driven by a 1500 hp motor. 

Tunnel flow is established and controlled with a servo-actuated gate 
valve. The controlled air flows through the valve diffuser into the still- 
ing chamber and heat exchanger where the air temperature can be controlled 
from ambient to approximately 180*F. The air then passes through the test 
section which contains the nozzle blocks and test region. 

Downstream of the test section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20* (+10*) . Sting 
offsets are available for obtaining various maximum angles of attack up to 
90*. 
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DATA ACQUISITION AND SEDUCTION 


The parameters measured and recorded during this test were: 
o Wind tunnel conditions (P^, P t , T^) 
o Six-component force and moment data 
o Sting attitude 

o Base pressure (-10 <_ o <__ 50 degrees only) 

Tunnel conditions were used to calculate the Mach number , the dynamic 
pressure, and the Reynolds number; the six-component force and moment 
data were used to calculate static stability coefficients; the sting 
attitude, nominal model attitude, and deflection calibrations were used 
to calculate the model angle-of-attack; and the base pressures were used 
to calculate base pressure coefficients. 

Base pressures were recorded only over the angle-of-attack range 
from -10 to 50 degrees; l.e., only when the model was on a tail-mounted 
sting. Figure 20 shows the location of the pressure tubes. A tabulation 
of the base pressure coefficients (Cp^) are included in the appendix to 
this report. Zeroes are listed where base pressures were not recorded. 

As stated above, the six-component force and moment data were used 
to calculate six-component static stability coefficients. Thsse data 
were measured with MSFC Balance #237. The rated capacities of this 
balance are listed in Table 5. The six coefficients, C^, Cj^, C^, 
c %* C »W and c T n * are coefficients in the missile sxis system. 
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Parameter 

Moment Reference Center 
(from body nose) 

*XMRP 

YMRP 

ZMRP 


Full Scale 


986.97 in. 
0 
0 


Model Scale 


5.557 in. 
0 
0 


The force and moment data were corrected for model weight tares but 
tunnel flow angularity was assumed to be zero. 

Reference data used to reduce the data to coefficient form are as 


follows: 


S ref - 0.5030 SQ. IN. 

t ref - 0.800 IN. 
b re f ■ 0.800 IN. 


♦Note: XMRP (56.69% of body length, measured from nose tip) 
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DATA PRESENTATION 


Data are presented In two forms: (1) stability coefficients and 

center of pressure location are plotted as a function of angle~of -attack 
and (2) data tables are presented that Include six stability coefficients, 
two base pressure coefficients, tunnel flow conditions, and model attitude 
(angle-of-attack and roll angle). 

Data Plots 

The plots of the stability coefficients are presented in the follow- 
ing groups: 

o Stability Characteristics of SRB 
(Basic Engine Shroud, El) 

o Effects of Reynolds Number 

(With and Without Transition Grit) 

o Effect of Engine Shroud Flare Angle 

o Effect of Engine Shroud Length 

o Effect of Strokes 

o Effect of TVC 

Configuration NBEi was a scaled model of a 142-inch diameter SRB 
except for the absence of the electrical tunnel and forward attachment 
hardware. Data from tests of this configuration are shown on all plots 
as the basis for comparison. For each investigation, Table 6 presents 
the coefficients which are plotted and the Mach numbers fov which data 


are available. 


Data Tables 


Data tables, Identified as tabulated source data in the Appendix, 
are presented for each of the 273 runs that were made during this test. 
They are presented in the order of data set number. Each table contains 
a listing of the six static aerodynamic stability coefficients. Two base 
pressure coefficients (Cp^) sre listed. Values appear for those runs 
that had base pressures recorded and zeroes appear for those runs that 
did not. Each table also includes Information that describes the model 
configuration, the model attitude, the tunnel flow conditions, and model 
reference dimensions. 

If base axial force coefficients are desired, the equation to be 
used is: 

_ Cp bi A bj _ C *b2 A *»2 
CAb s ref s ref 

The base areas for each of the engine nozzle/shrouds are as follows: 


ENGINE 

Abi 

Ab2 

El 

0.500 sq.in. 

0.419 sq.in. 

*2 

0.500 

0.524 

e 3 

0.500 

0.637 

e 4 

0.500 

0.524 


0,500 

0.637 

*6 

0.793 

0.879 
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Table 1. 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT: Nose^-N 

« 

GENERAL DESCRIPTION: 142 inch SRB nose, cone angle Is 18° with a spherical 

radius nose cap. (The nose was cut to allow for sting mounting when a r.gl e-o: 


attack exceeded 130°). 



DRAWING NUMBER: 


DIMENSIONS: 


Length 
Max. Width 
Max. Depth 
Fineness Ratio 


THEORETICAL 


ACTUAL MEASURED 


FULL-SCALE 


142 in. 


MODEL SCALE MODEL SCALE 


.059 in. 


0.8 in. 
0.8 in. 


Max. Cross-Sectional 109.98 ft 
Planform 


Wetted 

Base 


109.98 ft 


0.503 in. 2 


Q.5Q3 in. 


Length When Drilled for 
Sting Mounting 

(see Figure 2 ) 


0.271 in. 


Table 1. (Continued) 


MODEL COMPONENT: BODY - B 


GENERAL DESCRIPTION: 142 inch diameter SRB body (this body was cut on its 

side for sting mounting for angles-of-attack from 50° to 130°) ; 





Table 1. (Continued) 


MODEL COMPONENT: ENGINE SHROUD/NOZZLE 

GENERAL DESCRIPTION: 142 inch diameter SRB engine shroud/nozzle combination. 

Both are symmetrical with the SRB body and were cut to allow fo r sting mounting 
for angles-of-attack -10 to 50°. The model was hollowed to simulate full scale. 


DRAWING NUMBER: 80M42583 



THEORETICAL 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Engine Shroud 



Flare Angle 

15°03‘ 

15°03V 

Length 

93 in. 

0.524 in. 

Max. Width 

192 in. 

1.082 in. 

Max. Depth 

192 in. 

1.082. in. 

Max. Cross Sectional Area 

201.1 ft 2 

.920 in.' 

Engine Nozzle 



Length 

52.2 in. 

0.294 in. 

Max. Width 

141 .6 in. 

0.798 in. 

Max. Depth 

141.6 in. 

0.798 In. 

Base Area 

109.52 ft 2 

0-500 in. 


ACTUAL MEASURED 
MODEL SCALE 


Table 1. (Continued) 


MODEL COMPONENT: ENGINE SH ROUD/NOZZLE - Ep — 

GENERAL DESCRIPTION: 142 inch diameter SRB engine shroud/nozzle combinatio n. 

Both are symmetrical with the SRB body an d were cut to allow for sting moun ti n g 
for angles-of-attack -10 to 50°. The model was hollowed to simulate full s ca l e 


DRAWING NUMBER: 80M42636 


DIMENSIONS : 

Engine Shroud 
Flare Angle 
Length 
Max. Width 
Max. Depth 

Max. Cross Sectional Area 
Engine Nozzle 
Length 
Max. Width 
Max. Depth 
Base Area 


THEORETICAL ACTUAL MEASUR 


FULL-SCALE 

18°03 l 
93 in. 
202.7 in. 
202.7 in. 
224.1 ft 2 

52.2 in. 
141.6 in. 
141.6 in. 
109.52 ft 2 


MODEL SCALE 

18°03 l 
0.524 in. 
1.142 in. 
1.142 in. 
1.024 in. 2 

0.294 in. 
0.798 In. 
0.79C in. 
0.500 in. 2 


MODEL SCALE 


Ml 


■ 


Table 1. (Continued) 

MODEL COMPONENT : ENGINE SHROUD/NOZ ZLE - E^ ■ 

GENERAL DESCRIPTION: 142 inch diameter S RB engine shroud/nozzle coirb: nat i on ,. 

Both are symmetrical with the SRB body and were cut to allow for stino rountin; 
for anoles-of-attart -10 to 50°. The model was hollowed to simulate ful , L ia J « 





DRAWING NUMBER: 80M42636 


DIMENSIONS : 

Engine Shroud 
Flare Angle 
Length 
Max. Width 
Max. Depth 

'Max. Cross Sectional Area 
Engine Nozzle 
Length 
Max. Width 
Max. Depth 
Base Area 


THEORETICAL ACTUAL MEASUR 


FULL-SCALE 

21°03' 

93 in. 
213.5 in . 

213.5 in . 
248.7 ft 2 

52.2 in . 

141.6 in . 
141.6 in . 
109.52 ft 2 


MODEL SCALE 

21°03 l 
0.524 in 
1.203 in 
1.203 in 
1.137 in 

0.294 in 


0.798 in . 
0.500 in. 


MODEL SCAL 


2 
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Table 1. (Continued) 

MODEL COMPONENT : ENGINE S HROUD/NOZZLE - .E^ 

GENERAL DESCRIPTION: 142 inch diam e ter SRB engine shroud/nozzle combinatio n. 

Both are symmetrical with the SRB body and w ere c ut to allow for sting mount ing 
for angles-of-attack -10 to 50°. The model was ho llowed to simulate full . sc a l e 

DRAWING NUMBER: 80M42636 


THEORETICAL 


ACTUAL MEASURE: 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Engine Shroud 

Flare Angle 

1 5°03 ' 

15°03' 

Length 

113 in. 

0.636 in. 

Max. Width 

202.7 in. 

1.142 in. 

Max. Depth 

202.7 in. 

1.142 in. 
1.024 in. 2 

Max. Cross Sectional Area 

224.1 ft 2 

Engine Nozzle 
Length 

32.2 in. 

0.182 in. 

Max. Width 

141.6 in. 

0.798 in. 

Max. Depth 

141.6 in. 

C 798 in. 

Base Area 

109.52 fr 

0.500 in. 1 


i 

I • 

I I 


Table 1. (Continued) 


MODEL COMPONENT: ENGINE SHROUD/NOZZLE - 

GENERAL DESCRIPTION: 142 inch diameter SRB engine shrou d/nozzle corn binamn.. 

Both are symmetrical with the SRB body and were cut to allow Jo r sting niounti . n g 
for annl es-of-attack -10 to 50°. The model was hollowed to simulate Juljjcal e 


DRAWING NUMBER: 80M42635 


DIMENSIONS : 

Engine Shroud 
Flare Angle 
Length 
Max. Width 
Max. Depth 

Max. Cross Sectional Area 
Engine Nozzle 
Length 
Max. Width 
Max. Depth 
Base Area 


THEORETICAL ACTUAL MEASURED 


FULL-SCALE 

15°03 l 
133 in. 
213.5 in. 
213.5 in. 
248.7 ft 2 

12-? in- 

141.fi in. 
141. 6-in. 
109-52 ft 2 


MODEL SCALE 

15°03 l 
0.749 in. 
1.203 in. 
1.203 in. 
1.137 in. 2 

0-089 in^ 
0-79R in. 
0.798 in.. 
0-500 jlL. 2 


MODEL SCALE 
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Table 1. (Continued) 


NORTHROP SERVICES, INC. 


MODEL COMPONENT: Engine/Shroud - Ee 

GENERAL DESCRIPTION: 142 inch diameter SRB engine shroud/nozzle combination 
for configuration 89B. Both are symmetrical with SRB body and were cut to 
allow for sting mounting for angle of attack -10° to 50°. This model was 

hollowed to simulate full scale. 

DRAWING NUMBER: MSFC 80M51303 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Engine Shroud 

Flare Angle 

18°17' 

1 8°1 7 ' 

Length 
Max Width 

177 in. 

0.997 in. 

259 in. 

1.459 in. 

Max Depth 

Max Cross-Sectional Area 

259 in. 

1.459 in. 

365.68 ft 2 

1.672 in. 2 

Engine Nozzle 

Length 

26 in. 

0.146 in. 

Max Width 

178.5 in. 

1 .005 in. 

Max Depth 

178.5 in. 

f\ 

1.005 in. 
0.793 in.* 

Base Area 

173.89 ft* 


Table 1. (Continued) 


MODEL COMPONENT: Attachment Ring - R 

GENERAL DESCRIPTION: An attachment ring (used to attach SRB to ET) is located 
1.127 inches model scale (200 inches full scale) forward of the shroud flare. 


DRAWING NUMBER: 


DIMENSIONS: 


THEORETICAL ACTUAL MEASURER 

FULL-SCALE MODEL SCALE MODEL SCALE 


Length 

Max. Width 10.3 in. 0.058 in. 

Max. Depth 10,6 in. 0.059 in. 

Fineness Ratio , 

Area 


Max. Cross-Sectional 

Planform 

Wetted 

Base 


n 
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Table 1. (Continued) 


MODEL COMPONENT: Strakes - S 

GENERAL DESCRIPTION: The strakes extend lengthwise with the leading end at 
thP forward edge of the shroud flare and the trailing end at the trailing edge o ' 
the shroud. There are eight strakes equally spaces around the shroud and design ee 

to fit only E^. __ __ 


DRAWING NUMBER: 80M21800 
DIMENSIONS: 


THEORETICAL ACTUAL MEASURE? 

FULL-SCALE MODEL SCALE MODEL SCALE 


length 96.4 in. 

Max. Width 14.2 in. 

Max. Depth 14.2 in. 

Fineness Ratio 

Area 

Max. Cross-Sectional 

Planform 

Wetted 


0.543 in. 
0.08 in. 
0.08 in. 


Table 1. (Concluded) 


MODEL COMPONENT: Thrust Vector Control Bo ttles - TVC 

GENERAL DESCRIPTION: THE TANKS EXTEND LENGTHWISE AND LOC ATED EQUAL DISTANT ERG-’ 

THE FORWARD EDGE OF THE SHROUD FLARE AND THE TRAILING EDGE OF THE SHROUD 


DRAWING NUMBER: 

DIMENSIONS : 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 


THEORETICAL ACTUAL MEASURED 

FULL-SCALE MODEL SCALE MODEL SCALE 


60 IN. 
20 IN. 
20 IN. 


0,338 IN. 
0.113 IN. 
0.113 IN. 


Area 


Max. Cross-Sectional 

Planform 

Wetted 


Base 
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full ongle of ottuuk range was not covered at all Mach maters. See fable 3 for details 


TEST: TWT 578 



DATE: 10/2/73 


TEST CONDITIONS 


MACH 

NUMBER 

REYNOLDS 

NUMBER 

(u:i 11 ion per ft) 

DYNAMIC 

PRESSUR E 
(pounds/ sq. Inch) 

STAGNATION 
TEMPERATURE 
(d« 9 rt«« Fohrsnhelt ) 

STAGNATION 
PRESSURE 
( pounds/sq inch) 

0.40 

3.63 

2.21 

100 

22 

0.60 

4.95 

4.35 

100 

22 _ _ 

0.90 

6.25 

7.37 

100 

22 

URSH 

6.62 

2AA 

100 

22 

im 

l 


.100 

28 

3.48 

6.96 

■KK9HH 

100 

.. 60 •• _ 

4.00 

6.30 

5.53 

100 

— . 75 

4.45 

5.20 

3.83 

100 . ..... 

75 .... 

4.96 


2.56 

100 

75 






WK8B 

3.00 

1.85 

100 

18 . . 

0.40* 

5.40 

3.33 

100. .... 

32 

0.60* 

4.10 

3.55 

100 

18 

0.60* 

8.60 

7.42 

100 

38 












BALANCE UTILIZED: MSFC 2.17 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


NORMAL FORCE ?00 1h« 

SIDE FORCE inn 1t>« 

AXIAL FORCE 20 lbs 

PITCHING MOMENT 19* liulhs 

ROLLING MOMENT Oft <».1h« 

YAWING MOMENT sn 1 i>- 1 ht 


♦Used In Reynolds number effect study. 


COMMENTS: 
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GEOMETRY (MSFC MODEL 449) (SHROUD Ej) 





NORTHROP SERVICES, INC. 




A 

B 

e 

El 

.524 In. 

1.082 in. 

15* 03' 

E2 

.524 

1.142 

18° 03' 

e 3 

.524 

1.203 

21° 03' 

E 4 

.636 

1.142 

1$» 03* 

E 5 

.749 

1.203 

15° 03' 

NOTE: 

SHROUD E^ WAS 
REFERRED TO 

USED IN TNT- 
IN THAT TEST 

-572 .BUT 

ase 3 . 


Figure 3. VARIOUS ENGINE SHROUDS FOR A 0.00563 SCALE 142-INCH SRB 
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Figure 4. 0.00563 SCALE 142-INCH SRB GEOMETRY (MSFC MODEL 449) (SHROUD E g ) 
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Figure 12. 







NORTHROP SERVICES, INC. 
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BALANCE ADAPTER EXTENSION 
NO. 8QM42509 


STING ADAPTER NO. 1 



Figure 15. SUPPORT SETUP - END MOUNT 
58 
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NORTHROP SERVICES, INC. 


STING NO. 3 



Figure 16. SUPPORT SETUP - SIDE MOUNT 
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Figure 18. MOUNTING ARRANGEMENTS FOR ANGLE OF ATTACK 80 TO 190 DEGREES 


NORTHROP SERVICES* INC. 


GRIT 

/ 



Figure 19. GRIT PATTERN 
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